ABSTRACT BLASCO, RICHARD J. (General Dynamics/Electric Boat, Groton, Conn.). Nature and role of bacterial contaminants in mass cultures of thermophilic Chlorella pyrenoidosa. Appl. Microbiol. 13:473-477. 1965.-A study was made of bacterial contaminants isolated from an algal mass-culture unit. The study was performed specifically to determine the dependence of the size of bacterial population on algal density and the nature of any association of the contaminants with the algal cell. Growth of the bacterial contaminants on standard medium was also investigated. An estimate was made of the 02 uptake of the bacterial population under normal operating conditions of the algal massculture system. Viable numbers of bacteria tended to increase with increased algal density. Bacteria were found imbedded in the surface of algal cells when the cultures of algae were characterized by subnormal rates of growth and photosynthetic gas exchange. Bacterial isolates failed to grow in standard medium alone, thus implying a dependency of bacterial growth on material(s) produced by the algae. A slight inhibitory effect on algal growth was noted in the case of two of three of the bacterial isolates. Manometric studies demonstrated that the bacterial population normally found in the algal cultures did not appreciably effect total gas exchange.
During the course of parametric studies designed to characterize and define optimal operating conditions of a mass culture of Chlorella pyrenoidosa 71105 (Sorokin and Myers, 1953) , a characteristic association was noted between poor algal growth and the presence of bacterial contaminants. The presence of bacterial growth has been noted in mass algal cultures not operated to exclude other microorganisms (Bowman and Thomae, 1960) . To date, it was felt that this growth was of little or no importance. However, microscopic examination of poorly growing cultures has revealed a possible phytopathogenic association of bacteria with algae. Normal cultures were found to contain few or no bacteria. Since an association of bacteria with the algal cell wall was observed so frequently in poorly growing cultures of algae, a preliminary study was performed to define the role of the bacterial population in photosynthetic gas exchange.
Total bacterial counts were determined in samples removed from steady-state Chlorella cultures (Zuraw and Adamson, 1963) , to define the range of size of the bacterial population. Isolation of bacterial strains from the same samples was attempted. Knowledge of the types of organisms involved is of obvious importance in establishing whether the contaminants are saprophytic or 1 Present address: R.D. # 5, Norwich, Coma.
parasitic with respect to Chorella. Manometric studies were performed to determine whether the contaminants could significantly decrease the C02-02 gas-exchange efficiency of the Chorella culture. An attempt was made, also, to determine the effect of these isolates on the growth of Chlorella.
MATERIALS AND METHODS Microscopic examination of algal cultures. Wet mounts and Gram stains were prepared from samples removed from steady-state cultures of algae (Zuraw et al., 1961) plates were incubated in air and C02-enriched air at 39 C for 3 to 6 days. The media used were: (i) standard Chlorella medium (Leone, 1963) amounts of algal extract aseptically to 10 ml of sterile, double-strength complete standard medium. Appropriate amounts of sterile distilled water were added to the above mixtures so that a constant volume of 20 ml resulted. Since all of the isolates grew equally well on TGYE agar, that isolate tentatively identified as a Pseudomonas sp. was chosen as a representative of the isolates. This choice of organism was based on our intention to use the algal extract to support the assumption that the algae in the mass culture were providing an energy source for the contaminants, rather than a vitamin or other type of growth factor. One drop of bacterial suspension having a density of 0.52 optical density units measured at 660 m,u was added to each of the tubes containing the abovedescribed solutions. These tubes were incubated at 39 C and aerated with a 3.5% C02-air mixture for 48 hr. The number of viable cells per milliliter was used as a criterion for growth. Standard plate counting procedures were used to determine viable numbers of bacteria.
Effect of bacterial isolates on algal growth. A bacteria-free suspension of algae was used to inoculate tubes of complete standard medium. The bacterial isolates were designated A, B, and C. Bacterial suspensions were washed and adjusted to optical densities, as measured at 660 m,u, of 0.52, 0.52, and 0.24 units, respectively. One drop of each bacterial suspension having an optical density of 0.52, or two drops of the bacterial suspension having a density of 0.24 optical density units, were added to each tube containing the Chlorella inoculum. The controls consisted of standard tubes containing algal medium inoculated only with the algae. Cultures were incubated at 39 C with an incident light intensity of 5,000 ft-c. Growth of the algae was measured in terms of optical density at 550 m,u.
Manometric studies. One of the isolates, tentatively identified as a Pseudomonas sp., was selected as a representative of the bacterial population isolated from mass culture of algae. The organism was grown in liquid standard medium for 48 hr. Oxygen uptake of suspensions of the bacterium was determined by conventional manometric techniques (Umbreit, Burris, and Stauffer, 1957) . The substrates used were glucose and algal extract. The final concentration of cells in the manometer reaction flasks was 1.5 X 109 cells per milliliter. The final COD of the substrates was 2.56 mg/ml.
RESULTS
Three types of bacteria were isolated from the mass culture of algae and temporarily designated A, B, and C. Two of the three types were gram- Figure 2 illustrates the effectiveness of algal r2d concentration of Chlorella extract. extract as a medium supplement. The effects of the presence of the isolates on the total population l1 of the isolates grew rapidly in standard of algae after 24 hr of incubation are outlined in ledium supplemented with algal extract. DIscuSSION The failure of the bacterial contaminants to grow on liquid standard medium is not unusual, for, as expected, urea proved to be a poor energy source for bacteria. Growth on any of the standard media (except standard medium containing algal extract) and any of the supernatant media was always associated with agar hydrolysis. One can reasonably conclude that some hydrolysate of agar served as an energy source for the isolates. No explanation can be offered for the apparent requirement of the organisms for increased CO2 tension. Better growth occurred under a 3.5% C02-air atmosphere, possibly because of the increased humidity in the container enclosing the carbon dioxide-enriched air. The organisms did not require carbon dioxide when grown on TGYE agar or standard medium agar containing the algal extract.
Failure of the contaminants to grow in standard medium containing supernatant fluid from steady-state Chlorella cultures indicates that all of the growth-supporting material which may have originated from the algae was consumed by the bacteria growing in the mass cultures. The lack of bacterial growth-supporting material in the supernatant prepared from bacteria-free cultures of Chlorella supports the accepted general observation that physiologically active cultures are characterized by the production of extracellular material. The growth rate of the test-tube cultures of algae is four times greater than that of the mass cultures.
At present, the strongest evidence supporting the assumption that growth of bacterial contaminants is supported by some product of algae is the observations that bacteria cannot grow in standard medium alone and that the size of the bacterial population is related to the density of the algal population.
The results indicate that Chlorella extract serves mainly as an energy source for the isolates rather than a source of vitamins or other types of growth-enhancing material.
The effect of the bacterial isolates on test-tube cultures of Chlorella, although not dramatic, indicates that two of the three isolates are a source of potential danger to mass cultures of algae.
Again, one should bear in mind that test-tube cultures of algae grow more rapidly than do the steady-state mass algal cultures. Therefore, it is possible that the bacterial contaminants affect the algal population in the mass culture to a greater degree than is indicated by the results.
It is obvious from the results of manometric studies that the bacterial population, in the operating photosynthetic gas exchanger, consumes only a small fraction of the total amount of oxygen produced by the algae. Therefore, the most important aspect of bacterial contaminants in photosynthetic gas-exchange cultures is not the direct effect on net oxygen production, but rather the possible role of these contaminants as algal pathogens.
Data concerning the nature and amounts of bacterial nutrients produced by algae and the degree of pathogenicity of bacterial contaminants can best be obtained from a program designed to compare the growth of mass cultures of algae in the presence and absence of bacterial contaminants.
Microscopic examination revealed that special methods may be required to determine the actual size of the bacterial contaminants associated with mass algal cultures. It is quite likely that each algal cell, although surrounded by tens or hundreds of bacteria, gives rise to a single colony of bacteria. Consequently, the bacteria which are imbedded in the material surrounding the Chlorella cells could be accurately enumerated only after their mechanical removal from the surface of the algae.
Another implication from microscopic examination is that growth of bacterial contaminants is supported by the material which surrounds the algal cell. The relationship of the bacteria to the surface of the Chlorella cell suggests the existence of a slime layer in which the bacteria are imbedded. However, if evidence is provided against the presence of a slime layer, an alternate explanation for this relationship could be the existence of cellulolytic activity on the part of the bacteria. It has been demonstrated that a certain amount of algal material is required for the growth of the bacterial contaminants. Although none of this growth-supporting material was found in the algal supernatant fluid from bacteriafree cultures grown in a closed system, it is quite likely that, in steady-state, light-limited cultures of algae, some materials are excreted into the medium and immediately consumed by bacterial contaminants. However, in closed-system cultures, water-soluble material either is not produced or is excreted and rapidly absorbed by Chlorella. Fogg (1962) has reviewed the subject of excretion and absorption of extracellular products by microalgae.
